Background and aims: The current study evaluates following a special diet with diet quality and comorbidities (hypertension, hypercholesterolemia, and obesity) in four racial/ethnic groups diagnosed with prediabetes or "at risk for diabetes". Methods and results: This is a cross-sectional analysis of data from the National Health and Nutrition Examination Surveys (NHANES), 2007-2008 and 2009-2010. Sample weights were used to achieve a representative sample. Data were available for N = 2666 adults, aged ≥20 years (508 Mexican American, 294, Other Hispanic, 616 Black non-Hispanic, and 1248 White non-Hispanic) who were medically diagnosed with either prediabetes or "at risk for diabetes". Those reporting following a special diet had greater odds of meeting saturated fat guidelines (<10% of calories) but no greater odds of adequate fiber (14 g/4184 kJ (1000 Kcal)) as compared to those not following a special diet. There was a significant association of following a diet by number of comorbidities. Regardless of race/ethnicity, reporting following a special diet was more likely for those having more comorbidities; however, number of comorbidities was not associated with diet quality. There were racial/ethnic differences in following a special diet and its association with adequate fiber intake for persons having health risks for diabetes. Black non-Hispanics who did not follow a special diet had lower odds of meeting fiber intake requirements. Conclusion: Low adherence (<15%) to fiber dietary guidelines was found across race/ethnicity for adults diagnosed at health risk for diabetes.
Introduction
The incidence of type 2 diabetes, approximately 95% of diabetes cases, has risen in epidemic proportions in the United States with 1.9 million new cases of diabetes diagnosed in people aged 20 years and older in 2010 [1] . Hispanics and Black non-Hispanics have nearly twice the prevalence of diabetes as compared to White nonHispanics [1] . Targeting persons at risk for diabetes may be an effective point of intervention for preventing or delaying the onset of type 2 diabetes. According to the Center for Disease Control and Prevention (CDC) 35% of US adults aged 20 years or older had prediabetes, based on fasted blood glucose or glycated hemoglobin levels above normal, but below the cutoff for diabetes [1] . Prediabetes has been associated with elevated risk for cardiovascular disease [2] [3] .
In addition to individuals diagnosed with prediabetes, individuals with a medical diagnosis of "at risk for diabetes" may have normal glucose levels but have other risk factors which place them at a greater risk for diabetes as compared to the general population [4] . Classification of "at risk for diabetes" may include having comorbidities such as hypertension, obesity, and dyslipidemia (low HDL, high triglycerides), other risk factors (advanced age, physical inactivity, family history of diabetes, hypercholesterolemia (high atherogenic lipoproteins), cardiovascular disease, or belonging to certain race/ethnicity) [4] . Individuals with any of the metabolic risk factors for diabetes, if left untreated, are more likely to suffer a poorer quality of life and premature mortality as compared to individuals without cardiovascular disease.
Changing dietary behavior is an established component to prevent or retard the onset of type 2 diabetes for adults diagnosed with either pre-diabetes or at risk for diabetes in several major interventions in the US [5] [6], Europe [7] and China [8] . Although there is no consensus on the composition of macronutrients for diabetes prevention, weight loss and increasing physical activity are recommended [4] . The Harvard School of Public Health recommends specific dietary changes for individuals with pre-diabetes or at risk for diabetes which include adequate dietary fiber and lower saturated fat intake as a method of weight control [9] . As a means to reduce cardiovascular diseases, the reduction of saturated fat to less than 10% of daily calories is a recommendation by the US Dietary Guidelines [10] and the American Heart Association [11] . Low saturated fat and adequate fiber intakes are key recommendations for persons with diabetes [4] .
The aim of the present analysis was to evaluate the level of following a special diet with dietary behavior, comorbidities, and sociodemographic characteristics of adults who were diagnosed with pre-diabetes or "at risk for diabetes". It was hypothesized that those who met daily requirements for fiber and saturated fat intakes would be more-likely to report following a special diet. Furthermore, we hypothesized that those with related comorbidities: hypertension, hypercholesterolemia, and obesity would be more-likely to report following a special diet as compared to their counterparts. Although prediabetes is more commonly associated with dyslipidemia (elevated triglycerides and low HDL-cholesterol) than hypercholesterolemia, the comorbidities assessed in this study represent independent risk factors for coronary heart disease.
Methods

Sample
The data used in this study were approved by the research ethics board and publically available from appending two cycles from the National Health and Nutrition Examination Surveys (NHANES), 2007-2008 and 2009-2010 [12] . The study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the National Center for Health Statistics Research Ethics Review Board. NHANES uses a complex, multistage, probability sample design to obtain representative samples of the noninstitutionalized, civilian US population. All data used for this study were available for public use and approved by the research ethics board. More information concerning data collection methods is available at the website: http://www.cdc.gov/nchs/nhanes.htm. This study acquired data from male and female adults ≥20 years of age (N = 11,577). The final sample contained adults, ≥20 years, medically diagnosed with prediabetes or "at risk for diabetes", belonging to the category Mexican American (MA), Other Hispanic (OH), Black, nonHispanic (BNH), or White non-Hispanic (WNH) with an energy intake between 2092 and 20920 kJ (500 and 5000 Kcal) per day who responded either yes or no to following a special diet and who reported "yes" to either being told they had prediabetes or a health risk for diabetes. Data were available for n = 2666 adults (508 MA, 294, OH, 616 BNH, and 1248 WNH).
Study Variables
Following a special diet was recoded as yes or no. The original variable has a category for "not sure". Since there was less than 0.3% who reported not sure they were coded as missing. Classification with prediabetes or health risk for diabetes was based on answering yes to either question: "health professional told you that you had pre-diabetes" or "health professional told you that you were at risk for diabetes". Diet quality was assessed as having adequate fiber 14 g/4184 kJ (1000 Kcal) and consuming <10% of calories from saturated fats. Diet variables were based on an in-person, 24-hour recall interview at the Mobile Examination Center (MEC). Participants were asked questions on the types, amounts, and preparation of all foods and beverages consumed within a 24-hour period prior to the interview. The second day, 24-hour recall, conducted by telephone interview, was not used due to missing values. Health insurance was coded yes for those who responded to having health insurance in the past 12 months. Education was collapsed into three categories: not completing high school, receiving a high school degree or GED, and completing at least some college. Smoking was classified as either currently smoking or not. Waist circumference was used as a continuous variable. Body mass index (BMI) was classified into four categories <25, 25 -29.9, 30 -34.9 and ≥35. A variable was made for obesity using a BMI of 30 or more as the cutoff for obesity. Hypercholesterolemia was based on the National Cholesterol Education Program's (NCEP-ATP III) guideline of high non-HDL cholesterol (≥130 mg/dL) [13] and the American Association of Clinical Endocrinologists' (AACE) guideline of 30 mg/dL above the LDL-cholesterol goal (100 mg/dL) [14] . Hypertension was considered present if systolic blood pressure ≥ 140 mm Hg or diastolic blood pressure ≥ 90 mm Hg based on the National Institutes of Medicine, National Blood, Lung, and Heart Institute's Seventh Report of the Joint National Committee [15] or currently taking anti-hypertension medication.
Statistical Analyses
Prior to analysis continuous variables were tested for normality by the Kolmogorov-Smirnov test. Variables not normally distributed were transformed and re-tested. Variables that were unable to be normalized were categorized. Cross-tabulation for complex samples with the Pearson's χ 2 was used to assess group differences in the bivariate study variables by race/ethnicity. Logistic regression analysis for complex samples was conducted to measure the adjusted odds ratio with 95% confidence intervals of following a special diet for adults with prediabetes. The dependent variable was following a special diet which was dichotomized as yes or no. The covariates included comorbidities (obesity, hypertension, and hypercholesterolemia), diet quality (adequate fiber and recommended saturated fat) and sociodemographics (race/ethnicity, gender, age, education, currently smoking, and health insurance). Main and two-way interactions for race/ethnicity and gender were tested. The model fit was determined by the classification table. Analyses were performed with the complex sample analysis module of SPSS version 20 statistical software package. Adjusted sample weights were used to account for the multistage stratified cluster sampling design and to account for the unequal probabilities of selection, and nonresponse. The sample weights used were based on the data file with the smallest sample size, the Mobile Examination Center (MEC), and were computed using the average of the 2-year sample weights for each cycle, as per guidelines set by NHANES [16] . A p-value of <0.05 was considered significant.
Results
For this population who are at risk for diabetes or have prediabetes, the comorbidities and diet quality by race/ ethnicity are shown in Table 1 . BNH had the highest prevalence of hypercholesterolemia, followed by WNH; whereas MA and OH had the lowest prevalence. Both WNH and BNH had a higher prevalence of hypertension as compared to Hispanics. Black non-Hispanics and MA had higher rates of obesity as compared to OH and WNH. Between 10% -14% reported following a special diet. Meeting adequate fiber intake was low in all racial/ethnic groups (7% -15%). There were no differences in following a special diet by race/ethnicity; however, more WNH followed by BNH consumed higher than recommended saturated fat as compared to Hispanics and BNH had the lowest percent of adequate fiber compared to other racial/ethnic groups.
Diets selected were either weight-loss/low calorie (52.1%); low-fat/low cholesterol (19.1%); low salt/low sodium (17.1%); low carbohydrate (2.9%); sugar-free/low sugar (2.0%); weight gain/muscle building (1.5%); diabetes (1.5%); high fiber (0.9%); high protein (0.3%) or other special diet (3.8%). There were no responses in the low fiber diet. There was a significant association of following a diet by number of comorbidities as shown in Table 2 . A greater percent of those with two or three comorbidities reported following a special diet as compared to those with one or no comorbidities. The results of the hypothesis test are depicted in Table 3 . Those with two or three comorbidities had a greater odds of reporting following a special diet than those with one or no comorbidities [OR = 1.85 (1.25, 2.74), P = 0.003]. Individuals who consumed less than 10 percent of their calories from saturated fat were also more likely to report following a special diet [OR = 1.40 (1.01, 1.96); P = 0.046]. Higher odds of following a special diet was marginally associated with adequate fiber intake; albeit the relationship was not significant [OR = 1.42 (0.98, 2.07), P = 0.062]. Cross-tabulation of comorbidity number with adequate fiber and saturated fat showed no significant association (P = 0.118; P = 0.713, respectively). A reduced model adjusting for age and gender was run to test the main and 2-way interactions of race/ethnicity and following a diet for the odds of adequate fiber as presented in Table 4 . There were differences by race/ethnicity by level of following a special diet with adequate fiber intake. Racial/ethnic differences were only significant for those reporting not following a diet. MA reporting not following a diet had a higher odd of consuming adequate fiber as compared to WNH; whereas, BNH not following a diet had a lower odds of meeting adequate fiber intake as compared to WNH.
Discussion
Increasing fiber and lowering saturated fat intake are the main dietary objectives of a prescribed diet for diabetes prevention. Although we found no racial/ethnic differences in reporting following a special diet in those diagnosed with prediabetes or "at risk for diabetes" there were significant differences by race/ethnicity in self-reported dietary intake. Inadequate fiber intake was more likely for BNH as compared to other racial/ethnic groups in this study. Foods higher in fiber such as whole grains, fruits and vegetables, may be more challenging to incorporate into a diet for individuals based on their circumstances. Even though environmental, economic and personal barriers for lifestyle change exist across race/ethnicity, these barriers may be greater for minorities with limited resources [17] .
Regardless of race/ethnicity, reporting following a special diet was more likely for those having more comorbidities; yet, number of comorbidities was not associated with adequate fiber or meeting the guidelines for saturated fat intake. Data were not available as to the reasons for following a diet. Increased likelihood to follow a diet for persons who have comorbidities may be due to multiple providers prescribing a diet and/or greater perceived susceptibility toward developing diabetes.
To date, there are no studies comparing number of comorbidities in persons at risk for diabetes and dietary adherence. Since individuals diagnosed with prediabetes or "at risk for diabetes" have been advised of the threat of the disease, having concurrent chronic conditions such as hypertension, hypercholesterolemia, or obesity could increase individuals' perceived susceptibility to cardiovascular disease, hence increase their likelihood for dietary changes. These concepts are congruent with the Health Belief Model for preventive behavior [18] .
Although reducing saturated fat from the diet was more likely for persons who reported following a special diet, the relationship of diet and adequate fiber intake was not significant in this study. Our results parallel Hendrychova et al. [19] who found adherence to fat-related dietary behavior to be easier to follow as compared to fiber-related dietary behaviors for outpatients with type 2 diabetes. In contrast, Absetz et al. [20] reported improvement in meeting fiber intake, but not fat consumption recommendations in patients at high risk for diabetes from 16 health care centers after a lifestyle intervention. Resistance to dietary change for both fat and fiber was reported as a barrier with no significant differences between the intervention (lifestyle management through motivational interviewing) and usual care groups of patients at high risk for diabetes [21] . Over half of both groups reported they already met the standards for dietary fiber, total fat, and physical activity [21] . We could not ascertain whether those following a diet made changes because of intense counselling or because they received printed guidelines; however, Lakerveld and colleagues [22] concluded that there were no differences in dietary behavior in a randomized control trial comparing an intense lifestyle intervention with a control group who received health brochures for a population at risk for diabetes. Cardona-Morrell et al. [23] found self-reported dietary and physical activity measures as clinical indicators of effectiveness of lifestyle interventions in preventing or delaying diabetes were scarce, based on a systematic review. The authors indicated that of these 12 studies, reduction in percent calories from total fat and increase in fiber intake per day were the chosen dietary outcome measures in three studies and the others did not report any dietary measures [23] .
Strengths and Limitations
This study has strengths and limitations. One of the strengths of our study was the use of a nationally representative sample of US adults. Another benefit of this study was the current comparison of minorities to WHN in areas of cardiometabolic risk factors. Although efforts have been made to reduce health disparities, prevalence of health outcomes by race/ethnicity needs to be assessed every few years. There were several limitations to this study. It was not specified whether a health care professional prescribed the diet. A potential limitation of this was combining all categories of special diet for this study population; however, for this study no persons in the sample selected the low-fiber diet. It is questionable whether weight-gaining or high-protein diets would be prescribed for persons with prediabetes. There was an option for "other special diet" which was not specified. Individuals at risk for diabetes may have chosen the Mediterranean diet, Harvard Healthy Eating Plate, MyPlate, or alternative health diets such as anti-cancer, vegetarian or vegan. In summary, there was a significant, positive association of following a diet by number of comorbidities; however, the association of diet quality and number of comorbidities was not significant. Individuals diagnosed with prediabetes or "at risk for diabetes" and who are reported they are following a special diet have greater odds of meeting the recommendation for saturated fat; however, they are not any more likely to consume adequate fiber than those not following a special diet. Diet adherence to fiber for this population at risk for diabetes was least likely for BNH as compared to other racial/ethnic groups. Since diet quality is a key component to preventing diabetes for those at medical risk and managing comorbidities such as hypertension, hypercholesterolemia, and obesity, measures should be taken by health care professionals to involve public health nutritionists in the treatment plan. Our study reinforces the need for public health nutritionist to act as a modifying force by increasing the action of dietary adherence specific to race/ethnicity for individuals at risk for diabetes.
